The absorption band at 1720 cm"1 in the IR spectrum of 1 was assigned to a carboxyl group and disappeared in that of the sodium salt. The XHand 13C NMRspectra of 1 revealed the presence of two sugar moieties [4.65 (1"-H), 104.4 (C-l"), 4.43 (1"'-H) and 105.2 (C-l"0 ppm]. By the analyses of^^H shift correlation spectrum (COSY) and long range^^H COSY, the two sugars were deduced to be fucopyranose and xylopyranose which were both /3-glycosides (/i",2"=7. [a]D +153.9°). Furthermore, the observation of a low-field shift of the C-3" signal in the 13C NMRspectrum of 1 suggested that the xylopyranose was connected at the C-3" position of fucopyranose as a /S-glycosidic linkage. This was supported by the observed nuclear Overhauser effect (NOE) between 1"'-H and 3"-H in the^^H NOEcorrelation spectrum (NOESY) of 1. Table 1 . XHNMRdata of the aglycone parts of benanomicins A (1) and B (2) and their derivatives (3, 4, 5and6 Table 3 . 13C NMRdata of the aglycone parts of benanomicins A (1) and B (2) and their derivatives (3, 4, 5and6 ppm; 1, 2, 5 and 6 were measured in DMSO-^/6 at 40°C. F, T and X were measured in D2O at 25°C. 2, 5, 6 and T are hydrochlorides. Benanomicinone (3), the aglycone, was obtained by acid hydrolyses of 1 and 2. In the XHNMR spectrum of 3, a methine proton at 4.44 ppm (2'-H) was coupled to methyl protons at 1.36 ppm (3'-H) and a substituted amide proton at 8.47 ppm(2'-NH). This sequence was assigned to D-alanine which was obtained by vigorous acid hydrolyses of 1 and 2, A meta-coupling between aromatic protons 10-H (6.82 ppm) and 12-H (7.15 ppm) was also observed.
The structures of 3 and its methyl ester (4) were determined by the aid of 1H-1?C COSY, long range 1H-13C COSY,a heteronuclear multiple bond correlation spectrum9) (HMBC)and long range selective proton decoupling (LSPD) experiments. The NMRspectra of 3 and 4 closely resembled each other. As shown in Fig. 1 , the aromatic proton 10-H of 3 was coupled to four carbons C-8a (109.9 ppm), C-9 (164.6 ppm), C-ll (165.8 ppm) and C-12 (107.4 ppm), and the meta-coup\ed proton 12-H was coupled to five carbons C-8a, C-10 (106.8 ppm), C-ll, C-12a (134.1 ppm) and C-13 (187.3 ppmas a quinone carbonyl carbon). The C-8a and C-ll were further coupled to a hydrogen bonded phenolic hydroxyl proton at 12.76 ppm (9-OH) and methoxyl protons at 3.90 ppm (ll-OCH3), respectively. The 9-OH was also coupled to C-9 and C-10. It was deduced that another quinone carbonyl carbon at 184.9 ppm (C-8) was located at the peri position to C-9 because of the presence of a hydrogen bond to 9-OH. This was confirmed by a W-type coupling between C-8 and 12-H. The most low-field aromatic proton at 8.08 ppm (7-H) was strongly coupled to C-8 and weakly coupled to C-13 by a W-type coupling. Consequently, the 7-H was located at the peri position to C-8 and was further coupled to three carbons C-6 (72.3 ppm), C-13a (115.2ppm) and C-14a (125.8 ppm). The remaining aromatic proton at 7.08 ppm (4-H) was clearly coupled to C-2 (127.0 ppm), C-5 (71.3 ppm), C-14b (113.6 ppm) and aromatic methyl carbon C-16 (19.1 ppm). The strong correlations between 16-H (2.36 ppm) and three carbons C-2, C-3 (137.4 ppm) and C-4 (117.5 ppm) were observed in the HMBC, but no correlation between 16-H and C-4 was observed in the long range^-"C COSY because of the broadened signal of C-4. Furthermore, weak W-type couplings were observed between 4-H and C-15 (167.1 ppm as a substituted amide carbon), and between 16-H and C-l (150.8 ppm). The above-mentioned results indicated that the methyl group, substituted amide group and phenolic hydroxyl group were located at the ortho, meta and para positions to C-4, respectively. From these results, the sequence of C-l to C-14 was established, and finally, the structure of 3 was given by connecting the remaining bond between C-l4a and C-l4b as shown in Fig. 1 .
The position of attachment of the disaccharide moiety to 3 was determined to be at C-5 by observation of an NOEbetween 1"-H and 5-H in the 1H-1H NOESY of 1. The stereochemistry of the C-5 and C-6 positions of 1 remains undefined. Therefore, the structure of 1 was as shown in Fig. 2 .
Acid hydrolysis of 2 gave 3, dexylosylbenanomicin B (5) and D-alanine, and methanolysis of 2 gave 4, dexylosylbenanomicin B methyl ester (6) and methyl xylopyranoside. As stated above, 2 C-3", respectively, by the observation of NOE's between 1"-H and 5-H, and between r"-H and 3"-H in the NOESY of2. From these results, the structure of2 was as shown in Fig. 2 .
In order to support the structure of 3, an oxidative rearrangement reaction was carried out as follows. Treatment of 3 with NaIO4 in alkaline water gave a dihemiacetal (7) in 79% yield. This reaction was assumed to progress through the dialdehyde T as shown in Fig. 3 . Accordingly, the structure of 3 was confirmed to be as shown in Fig. 1 .
In FD-MSor SI-MS of benanomicins and their derivatives, the intensities of M+, MH+and (M+ 2)+ ion peaks altered remarkably under measurement conditions. The (M+2)+ ion peak may originate from a hydroquinone form. This phenomenon has been observed with the ubiquinone group.12) Experimental General UVand IR spectra were recorded on a Shimadzu UV-260 spectrophotometer and a Hitachi 260-10 IR spectrophotometer, respectively. MSwere measured on a Hitachi M-80Bmass spectrometer. Optical rotations were measured with a Perkin-Elmer model 241 polarimeter. MP's were determined with a Yanaco MP-S3micro melting point apparatus and were uncorrected. XHand 13C NMR spectra were recorded on Jeol JNM-GX400and Jeol JNM-GSX400spectrometers.
Mild Acid Hydrolysis of Benanomicin A (1) A suspension of 1 (50.1 mg) in 0.1 n HC1 (50 ml) was heated at 80°C for 18 hours. After cooling, the reaction mixture was filtered. The precipitate obtained, was washed with water and dried under reduced pressure at 50°C for 24 hours to give benanomicinone (3) [25.7 mg, 77.3%; mp >220°C; C28H23NOn, FD-MS m/z 549 (M+); IR (KBr) cm"1 3380, 1720, 1620 (sh), 1600] as a dark red powder. The filtrate was concentrated to dryness and the residue was purified by charcoal column chromatography (3 ml) developed with water as the eluant to afford a mixture of fucose and xylose (5.2 mg).
Acid hydrolysis of1 (500 mg) with 6 n HC1 (100 mg) at 100°C for 10 hours gave 3 (302 mg, 91.0%). Vigorous Acid Hydrolysis of 1 A suspension of 1 (104 mg) in a mixture of coned HC1 and acetic acid (1 : 1, 10 ml) was heated at 105°C for 15 hours and then evaporated to dryness. The residue was washed with water (20 ml) and filtered. The filtrate was concentrated to 1 ml and charged on a column of Diaion PK-208 (H+, 5 ml) which was washed with water (20 ml) and developed with 0. "1 3480, 1730, 1635 , 1600] as a dark red powder. The filtrate was concentrated to dryness to give a crude oil. The crude oil was further purified by silica gel column chromatography (5 g, CHC13 -MeOH, 10 : 1) to afford 4 (21.0 mg, 15.4%) and a mixture of methyl glycosides (28.7 mg). The methyl glycosides was treated with acetic anhydride (0.1 ml) in pyridine (2 ml) for 15 hours at room temp. To the reaction mixture was added MeOH(0.5 ml) and the mixture was stirred for 30 minutes and then evaporated to dryness. The residual oil was purified by preparative TLC(hexane -acetone 
Deacetylation of Triacetates
To a solution of methyl 2,3,4-tri-<9-acetyl-#-D-fucopyranoside (10.6 mg) in methanol (1 ml) was added 1 n NaOH-MeOH(0.2ml) and the mixture was stirred for 5 minutes at room temp. After neutralization with dry ice, the mixture was concentrated to dryness and extracted with acetone. The extract was concentrated and the residue was chromatographed on a silica gel (1 g) column using CHC13 -MeOH Table 4 .
Conversion of 4 into 3
Compound4 was treated with 0.1 n NaOH(5 ml) for 5 minutes at room temp and then acidified by using 1 n HC1(1 ml). The resulting precipitate was removed by filtration and washed with water and dried under reduced pressure to afford 3 (9.7 mg, 88.8 %).
Acid Hydrolysis of Benanomicin B (2)
To a solution of 2 hydrochloride (130mg) in water (10ml) was added coned HC1 (10ml) and the suspension was heated at 110°C for 12 hours. After cooling, the mixture was filtered. The precipitate so obtained was purified by preparative TLC (butanol -acetic acid -pyridine -water, 6 : 1 : 4 : 3) and then chromatographed on a column of Diaion HP-20 using acidic MeOHas the eluant to give 3 (57.0mg, 68.9%) and 5 hydrochloride Thomosamineand Its Derivative A solution of 2 (45.0 mg) in 70% aqueous trifluoroacetic acid (5 ml) was heated at 90°C for 12 hours and then concentrated to dryness. The residue was dissolved in water (5 ml) and applied on a column of Diaion HP-20 (15 ml) which was washed with water and developed with MeOH.The eluate containing 3 and 5 was further purified by preparative TLC(butanol -acetic acid -pyridinewater, 6 : 1 :4 :3) followed by a column of Sephadex LH-20 (50ml) to give 3 (4.3 mg, 15.0%) and 5 (20.5 mg, 53.8%). The effluent and washing water were pooled, concentrated to a small volume, and subjected to a column of Amberlite CG-50 (NH4+ -H+, 7 : 3, 5 ml) which was washed with water and eluted with 0.5 n NH4OH. The ninhydrin-positive fractions were combined and evaporated to dryness to give thomosamine (1.5 mg). A solution of this sugar in 5% HC1 -MeOH(1 ml) was refluxed for 30 minutes and concentrated to dryness. Treatment of the residue with acetic anhydride (0.1 ml) in pyridine (1 ml) at 37°C for 3 hours followed by silica gel column chromatography afforded methyl 4-acetamido-2,3-di-O-acetyl-4-deoxy-«:-D-fucopyranoside9) [ A suspension of 2 hydrochloride (217 mg) in 1 n HC1 -MeOH(40 ml) was heated under reflux for 12 hours and then concentrated to dryness. The residue was dissolved in water (30 ml) and applied to a column of Diaion HP-20 (100 ml) which was washed with water and eluted with MeOH. The eluate was concentrated to dryness and the residue was chromatographedon a silica gel column (5 g) using CHC13 -MeOH (10: 1) and MeOH as developing solvents to give 4 (15.3 mg, 10.8%) and 6 . The effluent and washing of Diaion HP-20 column were concentrated to about 2 ml and subjected to a column of Amberlite CG-50 (NH4+ -H+, 7:3, 5 ml) which was washed with water and eluted with 0.5 n NH4OH. The ninhydrin-positive eluate was concentrated to dryness to afford an anomeric mixture (a:/3, 5 : 1) of methyl 4-amino-4-deoxy-D-fucopyranoside (1.8 mg, 4.0%). The effluent and washing of Amberlite CG-50 column were pooled and concentrated to dryness to afford an anomeric mixture of methyl xylopyranoside (35.4 mg) which was acetylated with acetic anhydride (0.2 ml) in pyridine (2 ml) yielding a mixture of triacetates. The mixture was purified by preparative TLC (hexane -acetone, 3 : 1) to give methyl a-D-xylopyranoside (39.2 mg, 53.7% from 2) and methyl /5-D-xylopyranoside (17.1 mg, 23.4 % from 2). Conversion of 6 into 5 To a solution of 6 hydrochloride (125 mg) in water (20 ml) was added 1 n NaOH(5 ml) and the reaction mixture was stirred for 10 minutes at room temp. The mixture was acidified with 1 n HC1 (7 ml) and concentrated to dryness. The residue was dissolved in water (20ml) and charged to a column of Diaion HP-20 (100 ml) which was washed with water and eluted with MeOH.The eluate containing 5 was concentrated to a small volume and applied to a column of Sephadex LH-20which was developed with MeOH.The fractions containing 5 were concentrated to dryness. The residue was dissolved in water, adjusted to pH 2 with 1 n HC1, and concentrated to dryness to give 5 hydrochloride (110 mg, 89.3 %).
Oxidation of 3 with NaIO4
To a solution of 3 (15.0mg) in 0.02 n NaOH(10ml) was added NaIO4 (41 mg). After stirring for 10 minutes, the mixture was adjusted to pH 3 with 0.1 HC1 and extracted with ethyl acetate (50 ml x6). The extract was chromatographed on a silica gel column (2 g, CHC13 -MeOH, 2 : 1) yielding diacetal 7 [11.8 mg, 79.0%; FD-MS 549 (M+2)+J.
